4.9 Nomenclature of Cry* Proteins 

The inventors have arbitrarily assigned the designations CrylC-R148A, CrylC- 
R148D, CrylC-R148L, CrylC-R148M, CrylC-R148G, CrylC-R180A, CrylC.563, 
CrylC.579 and CrylC.499 to the novel proteins of the invention. Likewise, the arbitrary 
5 designations of crylC-R148A, crylC-R148D, crylC-R148L, crylC-R148M, crylC- 
R148G, crylC-R180A, crylC563, crylC.579 and crylC.499 have been assigned to the 
novel nucleic acid sequences which encode these polypeptides, respectively. While 
formal assignment of gene and protein designations based on the revised nomenclature of 
crystal protein endotoxins (Table 1) may be made by the committee on the nomenclature 
10 of B, thuringiensis, any re-designations of the compositions of the present invention are 
also contemplated to be fully within the scope of the present disclosure. 

4.10 Transformed Host Cells and Transgenic Plants 

A bacterium, a yeast cell, or a plant cell or a plant transformed with an expression 

15 vector of the present invention is also contemplated. A transgenic bacterium, yeast cell, 
plant cell or plant derived from such a transformed or transgenic cell is also 
contemplated. Means for transforming bacteria and yeast cells are well known in the art. 
Typically, means of transformation are similar to those well known means used to 
transform other bacteria or yeast such as E. coli or Saccharomyces cerevisiae. 

20 Methods for DNA transformation of plant cells include Agrobacterium-mtdidXtd 

plant transformation, protoplast transformation, gene transfer into pollen, injection into 
reproductive organs, injection into immature embryos and particle bombardment. Each 
of these methods has distinct advantages and disadvantages. Thus, one particular method 
of introducing genes into a particular plant strain may not necessarily be the most 

25 effective for another plant strain, but it is well known which methods are useful for a 
particular plant strain. 

There are many methods for introducing transforming DNA segments into cells, 
but not all are suitable for delivering DNA to plant cells. Suitable methods are believed 
to include virtually any method by which DNA can be introduced into a ceil, such as by 

30 Agrobacterium infection, direct delivery of DNA such as, for example, by PEG-mediated 
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transformation of protoplasts (Omirulleh et ai t 1993), by desiccation/inhibition-mediated 
DNA uptake, by electroporation, by agitation with silicon carbide fibers, by acceleration 
of DNA coated particles, etc. In certain embodiments, acceleration methods are preferred 
and include, for example, microprojectile bombardment and the like. 
5 Technology for introduction of DNA into cells is well-known to those of skill in 

the art. Four general methods for delivering a gene into cells have been described: (1) 
chemical methods (Graham and van der Eb, 1973; Zatloukal etaL, 1992); (2) physical 
methods such as microinjection (Capecchi, 1980), electroporation (Wong and Neumann, 
1982; Fromm etal, 1985) and the gene gun (Johnston and Tang, 1994; Fynan etal, 
10 1993); (3) viral vectors (Clapp, 1993; Lu etal, 1993; Eglitis and Anderson, 1988a; 
1988b); and (4) receptor-mediated mechanisms (Curiel etaL, 1991; 1992; Wagner etai, 
1992). 

4.10.1 Electroporation 

15 The application of brief, high- voltage electric pulses to a variety of animal and 

plant cells leads to the formation of nanometer-sized pores in the plasma membrane. 
DNA is taken directly into the cell cytoplasm either through these pores or as a 
consequence of the redistribution of membrane components that accompanies closure of 
the pores. Electroporation can be extremely efficient and can be used both for transient 

20 expression of clones genes and for establishment of cell lines that carry integrated copies 
of the gene of interest. Electroporation, in contrast to calcium phosphate-mediated 
transfection and protoplast fusion, frequently gives rise to cell lines that carry one, or at 
most a few, integrated copies of the foreign DNA. 

The introduction of DNA by means of electroporation, is well-known to those of 

25 skill in the art. In this method, certain cell wall-degrading enzymes, such as pectin- 
degrading enzymes, are employed to render the target recipient cells more susceptible to 
transformation by electroporation than untreated cells. Alternatively, recipient cells are 
made more susceptible to transformation, by mechanical wounding. To effect 
transformation by electroporation one may employ either friable tissues such as a 

30 suspension culture of cells, or embryogenic callus, or alternatively, one may transform 
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immature embryos or other organized tissues directly. One would partially degrade the 
cell walls of the chosen cells by exposing them to pectin-degrading enzymes 
(pectolyases) or mechanically wounding in a controlled manner. Such cells would then 
be recipient to DNA transfer by electroporation, which may be carried out at this stage, 
5 and transformed cells then identified by a suitable selection or screening protocol 
dependent on the nature of the newly incorporated DNA. 

4.10 J MlCROPROJECTILE BOMBARDMENT 

A further advantageous method for delivering transforming DNA segments to 

10 plant cells is microprojectile bombardment. In this method, particles may be coated with 
nucleic acids and delivered into cells by a propelling force. Exemplary particles include 
those comprised of tungsten, gold, platinum, and the like. 

An advantage of microprojectile bombardment, in addition to it being an effective 
means of reproducibly stably transforming monocots, is that neither the isolation of 

15 protoplasts (Cristou et ai y 1988) nor the susceptibility to Agrobacterium infection is 
required. An illustrative embodiment of a method for delivering DNA into maize cells by 
acceleration is a Biolistics Particle Delivery' System, which can be used to propel particles 
coated with DNA or cells through a screen, such as a stainless steel or Nytex screen, onto 
a filter surface covered with corn cells cultured in suspension. The screen disperses the 

20 particles so that they are not delivered to the recipient cells in large aggregates. It is 
believed that a screen intervening between the projectile apparatus and the cells to be 
bombarded reduces the size of projectiles aggregate and may contribute to a higher 
frequency of transformation by reducing damage inflicted on the recipient cells by 
projectiles that are too large. 

25 For the bombardment, cells in suspension are preferably concentrated on filters or 

solid culture medium. Alternatively, immature embryos or other target cells may be 
arranged on solid culture medium. The cells to be bombarded are positioned at an 
appropriate distance below the macroprojectile stopping plate. If desired, one or more 
screens are also positioned between the acceleration device and the cells to be 

30 bombarded. Through the use of techniques set forth herein one may obtain up to 1000 or 

-84- 

\ mOZOCNNOOP DOC) 



